Polymorphism at the β-Lactoglobulin (β-LG) gene of three Nigerian goat breeds, namely: the West African Dwarf, Sahel and Red Sokoto goats, was investigated using the Polymerase Chain Reaction-Random Fragment Length Polymorphism (PCR-RFLP) method. The restriction endonucleases used in the study were Rsal and Mspl, respectively. The results revealed the existence of only one polymorphic variant (allele A) with a gene frequency of 1.0 in all the three goat breeds studied. The amplified products were observed at 120 bp and the restriction digestion with Rsal revealed just one genotype at the β-LG locus. It was concluded that there was the absence of polymorphism at the β-LG locus of the goats investigated.
Introduction
Domestic goats are kept extensively at a global scale majorly in the developing world and serve as a good source of milk, meat, fibre and pelts (MacHugh and Bradley, 2001; Qureshi et al., 2014) . Variability in economic traits has been recorded among different goat breeds and within breeds as well. Researchers have established that gene polymorphism can affect the yield of milk and coding for whey proteins (Kumar et al., 2006; El-Hanafy et al., 2010) . Genetic polymorphism is the incidence in a population of several alleles at one locus, each with considerable frequency, where the least occurrence is usually taken as 1% (Philip, 2011) . It comes about as a result of chance processes or may have been induced by external agents such as viruses, chemicals or radiation. The main factors that can lead to phenotypic variation in an organism are basically its genotype and environmental factors acting on it.
Variations in the DNA sequences can be studied by protein polymorphism. β-Lactoglobulin (β-LG) is the dominant non-casein whey protein present in the milk 414 of goats. It has widely been accepted to be absent in humans, although there are indications of minor presence (Hambraeus and Lonnerdal, 2003) . Studies have revealed β-LG-pectin complexes as molecular nano-vehicles for delivering hydrophobic nutraceuticals such as fatty acids and vitamin D (Kontopidis et al., 2004; Zimet and Livney, 2009; Ron et al., 2010; Cui et al., 2012) . Studies exploring β-LG polymorphism in goats have found two allelic variants: A and B (Kumar et al., 2006; El-Hanafy et al., 2010) . El-Hanafy et al. (2010) , in their study of goats in Egypt, observed three genotypes (AA, AB, BB) of β-LG gene with genotype frequency of 0.1, 0.8, 0.1; 0.85, 0.1, 0.05 and 0.41, 0.51, 0.08 in Barki, Damascus and Damascus x Barki crossbred, respectively. El-Hanafy et al. (2014) reported the presence of three genotypes (AA, AB, BB) in three Saudi goats with genotype frequencies of 0.08, 0.4, 0.52 (Ardi), 0.23, 0.41, 0.36 (Habsi) and, 0.09, 0.34, 0.57 (Harri) goats, respectively. The authors reported allele frequency for the A and B polymorphic forms of the gene in the goats as 0.28 and 0.72 (Ardi), 0.43 and 0.57 (Habsi) and, 0.26 and 0.74 (Harri), respectively. The β-LG locus in Spanish and French goats was characterized at the DNA level revealing two new genetic variants . Chianese et al. (2000) also observed differences in the β-LG content of Italian Girgentana goats ranging from 43 to 63% of the major whey protein in the milk. A polymorphism in the promoter region of each Italian Girgentana goat with reduced β-LG content was identified (Graziano et al., 2003) even though it has not been correlated with β-LG content of the milk. The forms of β-LG gene and frequency at the locus have not been studied in indigenous Nigerian goats. Therefore, the aim of this research was to investigate the genetic polymorphism of the β-lactoglobulin locus in indigenous Nigerian goat breeds using PCR-RFLP methods.
Materials and Methods
Blood samples used for DNA isolation were collected from 60 goats belonging to three indigenous Nigerian goat breeds: Red Sokoto (20), Sahel (20) and West African Dwarf (20) . The blood samples were collected from goats kept by the National Animal Production Research Institute (NAPRI), Shika, Zaria, Kaduna State and from Ibadan metropolis. Total DNA was isolated from whole blood samples using a ZymoBeadTM Genomic DNA Kit using the protocol recommended by the manufacturer (Zymo Research Corporation). The Zymo Research (ZR) kit was used in the present study for the isolation and extraction procedure of genomic DNA from the blood samples collected from the goats because the procedure has been reported to yield more DNA than was observed when using other methods in reef corals (Santos et al., 2012) ; it was also reported to be more time-saving and cost-effective than other extraction methods for forensic samples (Yunjie and Oluseyi, 2013) . Gel monitoring was used to determine DNA quality.
PCR and RFLP procedure β-Lactoglobulin genotypes were identified as described by Feligini et al. (1998) . The β-lactoglobulin genotypes were identified in two steps: in the first step, the 120 bp (base pair) fragment of the goat β-lactoglobulin gene was amplified using forward primer 5-CAACTCAAGGTCCCTCTCCA-3 and reverse primer 5-CTTCAGCTCC TCCAGGTACA-3. PCR amplifications were performed in reaction mixtures of 25μL containing 12.5μL of 2×PCR master mix (ZymoBiomics™ PCR PreMix), 0.5μM of each primer, and 25-75ng genomic DNA. Amplification was performed in a Biologix Thermal Cycler (TC1000-G), programmed for an initial denaturation at 95℃ for 10 minutes, followed by 35 cycles each with denaturing at 93℃ for 15 seconds, annealing at 60℃ for 30 seconds, extension at 72℃ for 30 seconds, and a final extension at 72℃ for 10 minutes.
In the second step, the 105 bp fragment of the goat β-lactoglobulin gene was amplified using forward primer 5-TCAGGACCCCGGAGGTGGACAAC-3 and reverse primer 5-CCTCCAGCTGGGTCGGGTTGAAG-3. The cycling program began with an initial denaturation step (1 min at 94℃), followed by 30 cycles consisting of 15 seconds at 94℃, 1 minute at 60℃, 10 seconds at 72℃, and a final elongation for 10 minutes at 72℃. The same PCR reaction mixtures used in the first step were used for amplification. In both cases, PCR products (12 μL) were digested with 8 U of Rasa and 10 U of Mspl restriction enzyme in a 20μL total reaction volume for 2 hours at 37℃. Mspl is a restriction endonuclease obtained from the organism Moxarella spp. The restriction fragments were directly analyzed by electrophoresis in 3% agarose gel in 1×TAE buffer stained with ethidium bromide and visualized under Ultra Violet (UV) light. The genotypes of the analyzed individuals at the β-lactoglobulin locus were recognized using the restriction fragments observed in the gel.
Statistical analysis
Direct counting was used to estimate phenotypic and allele frequencies of βlactoglobulin genetic variants. The chi-square test (χ2) was used to check for whether the populations were in Hardy-Weinberg equilibrium. All calculations and the χ2 analyses were carried out using GenAIEx software v. 6.502 (Peakall and Smouse, 2012) .
Results and Discussion
Isolation of genomic DNA of β-lactoglobulin gene of indigenous Nigerian goat breeds Figure 1 shows the agarose gel electrophoresis results of DNA of βlactoglobulin gene extracted from Sahel, Red Sokoto and West African Dwarf goats. The isolated DNA was of high quality, high molecular weight and appeared as single bands without sheared fragments. There are many molecular techniques available for the extraction and purification of genomic DNA from blood and other animal tissues. Different biotechnological laboratories derive different techniques, depending on the facilities available to obtain results. The high quality, high molecular weight and single banded and sheared-less DNA fragments obtained in the present study agree with the reports of Santos et al. (2012) . It is, however, in disagreement with the findings of Yunjie and Oluseyi (2013) , who reported that the highest yield of DNA was obtained when using the Qiagen kit followed by the Bioneer kit and Zymo kit in that order. The Zymo research kit was adopted in this study because its protocol was found to be simple and unambiguous. This is supported by Yunjie and Oluseyi (2013) ; the authors recommended the use of the Zymo genomic DNA kit in laboratories where the speed of sample processing is paramount.
PCR amplification of the β-lactoglobulin gene of indigenous Nigerian goat breeds
The agarose gel electrophoresis results of the PCR amplified β-lactoglobulin gene are presented in Figures 2 and 3, respectively . In all the samples tested, the amplified product size was approximately 120 and 105 bp, respectively, with no variation in size between the animals studied. The 120 bp fragments of the exon II from position 1563 of intron I to position 1779 of intron II were observed to be similar for all the animals to the 105 bp fragments of exon V from position 4551-4655 of the β-lactoglobulin gene of the indigenous breed of goats amplified by PCR using oligonucleotide primers for both steps. This result confirms the repeatability of the method of identification of the βlactoglobulin genotype described by Feligini et al. (1998) indicating that the βlactoglobulin gene locus is conserved in the goat breeds studied.
The PCR-RFLP analysis of the β-lactoglobulin gene extracted from indigenous Nigerian goat breeds is presented in Figures 4 and 5 , respectively. The first step which involved the use of Rsal restriction enzyme revealed the presence of only A genetic variant at the β-lactoglobulin gene locus in the amplified 120 bp PCR products (Figure 4) . The second step using Mspl showed that it digested the PCR fragments into two fragments of size 75 and 30 bp ( Figure  5) . No other RFLP pattern was observed from the agarose gel. The presence of only one allele A at the β-lactoglobulin gene locus at the amplified 120 bp PCR product is in agreement with earlier reports (Yahyaoui et al., 2000) . The authors also recorded the presence of only one genetic variant at the β-lactoglobulin gene locus of a Lithuanian goat (Canaria). The Rsal-RFLPs allelic pattern observed contradicts earlier reports (El-Hanafy et al., 2010) . The authors recorded the presence of two genetic variants; A and B using Barki, Damascus and, Damascus x Barki crossbred in Egypt.
These differences observed in the results could be because different restriction enzymes were used in the studies. Elyasi et al. (2010) , however, reported the presence of variants A, B and AB in Iranian goats using the Rsal restriction enzyme. Other authors who have reported on the presence of the AB variant in goats are El Hanafy et al. (2010, 2014) . The presence of a single allele at the βlactoglobulin gene locus can be attributed to mating (inbreeding). Inbreeding reduces heterozygosity at the same time as it is escalating the percentage of homozygotes relative to random expectations (Janna et al., 2015) . Genetic variation is usually revealed by increasing heterozygosity and allelic diversity. Woodworth et al. (2002) reported that genetic diversity can be reduced as a result of genomewide activities like inbreeding and genetic drift, and even the effect of practices like the artificial selection on individual genes. The 75 and 30 bp fragments observed with the use of the Mspl restriction enzyme to check for the βlactoglobulin gene C variant conformed to the reports of Elmaci et al. (2007) . Elmaci et al. (2007) have reported that the β-lactoglobulin gene C allele is characterized by only a 105 bp fragment. No other Mspl-RFLP allelic pattern was observed from the agarose gel, thus indicating the absence of C variant at the βlactoglobulin gene locus of the Nigerian indigenous goat breeds sampled. The rare variant (β-lactoglobulin gene C) has, however, been detected in few goat breeds such as the Jamunapari and Jakhrana Indian goats (Jain et al., 2012) where it was detected in exons 3, 6 and 7 of the DNA. A, B and C alleles are generally found more in indigenous goat breeds (Barłowska et al., 2007; Torres-Vázquez et al., 2008) than in typical dairy breeds. The appearance of only A allele of β-LG contradicts the result above and those of Kumar et al. (2006 ) and El Hanafy et al. (2010 .
Allelic and genotypic frequencies of β-lactoglobulin polymorphism of indigenous Nigerian goat breeds Table 1 shows the allelic pattern of the β-lactoglobulin gene digested with the Rsal restriction enzyme in the indigenous Nigerian breed of goats while Table 2 shows the gene and genotype frequencies of β-lactoglobulin/Rsal polymorphism in the indigenous Nigerian breed of goats. Only the A allele was found in the entire goat sample with fragment sizes of 66, 37 and 17, respectively (Table 1 ). The gene frequencies for the A and B alleles in Sahelian goats were 1.00 and 0.00, respectively. The same results were also observed in the Red Sokoto and West African Dwarf goats. The genotypic frequencies of β-lactoglobulin polymorphism for AA, AB and BB were observed as 1.00, 0.00 and 0.00, respectively for all goat breeds examined. These genotype frequencies were found not to be in Hardy-Weinberg equilibrium as the breeds were monomorphic at the β-lactoglobulin gene locus ( Table 2 ). The monomorphic allelic pattern and genotype frequencies obtained in this study are in disagreement with the findings of El-Hanafy et al. (2010) . The monomorphic allelic pattern, however, conforms with the report of Baltrėnaitė and Miceikienė (2007) who have reported that, in goat species, βlactoglobulin gene protein is considered to be monomorphic due to the high frequency of β-lactoglobulin A genetic variant (ranging from 0.73 to 1.00). This was observed in Spanish, Hungarian and Lithuanian native goats. Considering the preponderance of the β-lactoglobulin A allele over the B allele, the A allele may well be taken as the inherited variant of the gene in Nigerian goats. 20 (1.00) 0(0.00) 0(0.00) 1.00 0.00 Monomorphic Red Sokoto 20 20 (1.00) 0(0.00) 0(0.00) 1.00 0.00 Monomorphic WAD 20 20 (1.00) 0(0.00) 0(0.00) 1.00 0.00 Monomorphic Total 60 60 (1.00) 0(0.00) 0(0.00) 1.00 0.00 Monomorphic WAD = West African Dwarf, AA = β-LG AA, AB = β-LG AB, BB = β-LG BB, b = test of Hardy-Weinberg equilibrium.
The populations were found not to be in Hardy-Weinberg equilibrium which might be due to non-random mating (inbreeding) with its attendant increase in homozygosity of the gene leading to heterozygote deficiency. Elyasi et al. (2010) also reported similar findings in their study of polymorphism of β-lactoglobulin in Iranian goats using PCR-RFLP.
Conclusion
This research provides evidence that the β-LG locus of West African Dwarf, Red Sokoto and Sahelian goats is monomorphic. The singular nature of the β-LG locus points to a decrease in genetic diversity. This may have a negative effect on the population structure of the indigenous goats due to inbreeding depression. Its attendant consequences, especially on dairying ability of the studied goats, may lead to reduced productivity. Sometimes, results from different investigations are not comparable with each other for many reasons such as population size, breed, kind of primers used and restriction enzymes used.
